Abstract. This paper uses a structural VAR model to quantify the extent of international dependence of several emerging markets in Asia and Latin America.
Introduction
The extent of cross-border spillovers is a central question of international macroeconomics. Quantifying it seems particularly important for understanding fluctuations in small open-economies like emerging markets. Naturally, policymakers in those countries pay attention to world commodity prices and macroeconomic time series in large, developed countries. 1 The Federal Funds rate is probably among external variables most closely watched, with the usual temptation to interpret each change in it as an exogenous shift in U.S. monetary policy. How much do external factors affect emerging markets? What is the impact of shifts in U.S. monetary policy on emerging markets? This paper is an econometric attempt to answer both questions.
The first goal is to quantify the extent to which external factors are a source of fluctuations in emerging markets in Asia and Latin America. The authors display separate VAR estimates for ten Latin American countries with monthly data on foreign exchange reserves, the real exchange rate, and first and second principal components of a number of U.S. time series. They find that, for most countries, a sizable fraction of about 50% of the forecast error variance in the real exchange rate between 1988 and 1991 is accounted for by external factors. One can see the first goal of this paper as complementary to CLR. The present study uses a much longer sample period and considers both Latin American and Asian countries.
While CLR verify that foreign shocks are important for the "external balance" position of emerging markets, this paper considers the relevance of foreign disturbances for output, prices and interest rates -variables associated with the "internal balance" position. Moreover, the second goal of the paper goes beyond the reduced-form analysis of CLR, by describing the effects of a shift in U.S. monetary policy.
The second connection is with the structural VAR literature aimed at identifying the effects of U.S. monetary policy in the United States. Leeper, Sims and Zha (1996) and Christiano, Eichenbaum and Evans (1998) review and extend this branch of the literature. This paper employs the same identification approach based on restrictions on contemporaneous structural coefficients, verifying its usefulness for interpreting data from emerging markets. Consider a stochastic process of a macroeconomic variable Z in a small economy.
The textbook model suggests a decomposition of the sources of variation in Z into domestic and external, beyond the influence of the small economy.
It is convenient to organize the discussion around the following structural model of a linear, stochastic, dynamic form (omitting a constant and other deterministic terms):
is (M × M) and non-singular, and ε(t) is Gaussian with zero mean and:
Kim and Roubini's model includes only two variables external to each of the non-U.S. G-7
countries: the Federal Funds rate and an oil price index.
One interprets ε(t) as the vector of economic disturbances that generate the data.
The model in its general form is familiar from the structural VAR literature (e.g.
Leeper, Sims and Zha (1996) ). The model contains m 1 domestic variables (y 1 (t) vector) and m 2 external variables (y 2 (t) vector), with m 1 + m 2 = M, and can be partitioned into a domestic and an external block as follows:
The model is formulated separately for each of eight emerging markets, representative of two regions: Asia (Korea, Thailand, Malaysia, Philippines, Singapore, Hong Kong) and Latin America (Mexico, and Chile). For each emerging market the set of domestic variables includes: the value of the currency in terms of the U.S. dollar (E)
as well as measures of short-term interest rate (R), industrial output (Y ) and consumer prices (P ). Thailand, where 12 lags are used due to the shorter sample).
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The small open-economy assumption implies the restriction A 21 (s 0 ) = 0, for all s 0 = 0, 1, ..., p (Cushman and Zha (1997) and Zha (1999) ). This is the restriction making 4 Commodity prices are expressed in U.S. dollars. Producer prices are used as a measure of external prices. Producer prices are likely to match the notion of prices of internationally traded goods better than consumer prices, because prices of nontradables account for a greater share of a CPI than of a PPI. The second appendix contains a description of the data and its sources. 5 In monthly data, an additional one or two lags above the customary 12 or 24 may attenuate stochastic seasonality effects that remain after including seasonal dummies (Kim (1999) variables are generated both by domestic and external disturbances. Multiplying both sides of (2.1) by the inverse of A (0) yields a reduced-form VAR representation of y(t).
It is straightforward to see that the block exogeneity restriction is equivalent to the familiar reduced-form restriction that the external vector y 2 (t) is GCP with respect to the domestic vector y 1 (t): variation in a small economy does not help predict fluctuations in world prices or in the United States. If the restriction is accepted, one decomposes the sources of variation in y 1 (t) by origin -the fraction of the variation due to innovations in y 2 (t) provides a measure of the extent of international spillovers.
It is possible that the GCP restriction is false: one can imagine disturbances that originate in all (or a large subset of) emerging markets and are then transmitted to developed economies, though this is probably an unlikely scenario. More important, it is possible to reject erroneously a true GCP restriction, which would lead to incorrect inference regarding the contribution of external shocks. A false rejection is likely to arise if an external factor important for fluctuations in emerging markets -and also for the dynamics of P * comm, R * , M * , P * or Y * -is omitted from the external block. In this case y 1 (t) will be a linear combination of, among others, innovations in the omitted variable, and the estimates will assign spuriously to y 1 (t) predictive power for changes in y 2 (t).
2.2.
Identification of U.S. monetary policy. While the variance decomposition is valid without a structural interpretation of any disturbances, it is useful to identify at least one external shock. This subsection presents an identification argument that allows a decomposition of external shocks into "U.S. monetary policy" and "everything else" or "private sector" shocks. The decomposition of shocks into "external"
and "domestic", described in the previous subsection, is independent of whether the following identification argument is valid.
The identification scheme consists of postulating restrictions in the matrix of contemporaneous structural coefficients A 22 (0). The assumption critical for identification is that monetary policy can react contemporaneously to changes in financial variables, but not in output and the price level (Leeper, Sims and Zha (1996) ). The
Federal Reserve is assumed to set R * , being able to react contemporaneously to fluctuations in P * comm and M * , but to changes in P * and Y * only with a delay of at least one month. Thus the elements in A 22 (0) corresponding to the response of R * to P * and Y * are postulated to be zero. The absence of any contemporaneous reaction of monetary policy to changes in the price level and output is motivated by the facts that: (1) data on these variables emerge only after complex data-gathering and processing that takes time; (2) it takes the Federal Reserve some time to process the data and reach a decision. One can refer to these arguments as based on "minimum delay" or "finite information processing capacity of agents". 6 One can summarize the non-recursive identification scheme in A 22 (0) by displaying the matrix with X's representing unconstrained coefficients, 0's coefficients postulated to be zero on the basis of economic reasoning, and -'s coefficients set to zero as normalizations:
where the M shock is meant to represent a monetary policy disturbance, and the I and S shocks -"information" and "sluggish" components of private sector behavior, respectively. The I and S shocks, though formally distinct, do not have a clear economic interpretation and therefore the paper does not discuss their estimated effects. Both variables set in continuously clearing auction-like markets (P * comm and M * ) are assumed to be able to react without a delay to any sources of disturbance in the y 2 vector. P * and Y * are postulated not to react within a month to shocks in commodity prices and financial market variables, because of costs of processing information and continuous reoptimization (or other reasons for "stickiness"). Note this assumption does not mean that the price level and output never show short-run 6 While this approach is based on informal economic reasoning, Sims (2001) is a recent formalization of similar ideas.
changes, only that they react smoothly to changes in financial variables. Equations within both the "information" and the "sluggish" blocks are normalized arbitrarily by setting to zero the elements of A 22 (0) corresponding to the response of M * to P * comm as well as to the response of Y * to P * .
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The paper remains agnostic about a structural interpretation of the domestic block, reflecting its focus on identifying effects of external shocks. Variables in the y 1 vector are ordered arbitrarily (E, R, Y, P ), the matrix A 11 (0) is assumed to be upper triangular, and all elements of A 12 (0) are left unrestricted.
Two observations about the identification seem in order. First, dynamic responses of domestic variables (E, R, Y, P ) to a U.S. monetary policy shock are invariant to the ordering of the domestic block (see Zha (1999) for a proof of a general result). This point is important, since it implies that one can make statements of the form "the response of the exchange rate (the interest rate, etc.) to a policy shock" independent of the ordering within y 1 (t). 8 Second, the identification is minimalistic in that it claims to separate a single policy shock from "everything else" or "private sector"
shocks, which are not given a structural interpretation. This choice reflects the focus of the paper on identifying policy effects.
The results

3.1.
Inference. This paper's approach to inference is Bayesian. The structural model (2.1) is exactly identified, i.e. there is a one-to-one mapping between the reduced-form covariance matrix and the contemporaneous structural coefficients. Under a Jeffreys prior on the covariance matrix, the posterior density for each reducedform block is a product of an inverse-Wishart marginal density for the covariance matrix and a Gaussian conditional density for the coefficients. 9 Inference about the 7 This paper's identification scheme matches Kim's (1999) in a comparative study of several developed economies. It differs from the schemes used for the United States by Leeper, Sims and Zha (1996) and Sims (1998b) only in the treatment of the money equation, which those studies include in the sluggish sector, obtaining results similar to Kim's. Those papers contain an extended discussion of the minimum-delay approach to identification. 8 The same comment applies to the normalizations within the (P * comm, M * ) and (P * , Y * ) blocks. 9 The econometric methodology is based on Bauwens, Lubrano, and Richard (1999), Hamilton (1994) and Zha (1999) . See the working paper version, in Maćkowiak (2002) , for details.
reduced-form parameters proceeds by making draws from their posterior densities, block by block. Each draw of the reduced-form coefficients is transformed into a draw of the structural coefficients, via the one-to-one mapping. This involves finding the upper triangular Choleski square root of the domestic-block-covariance-matrix and solving numerically a system of nonlinear equations in the case of the external block.
Thin lines in plots of impulse responses correspond to 16th and 84th percentiles of the posterior (hence giving 68% probability bands) and thick lines to the posterior's median, computed on the basis of 1000 draws. The probability bands have the usual Bayesian interpretation that the responses are contained within them with probability 68%, given the data. The posterior is derived using a reference stochastic prior on the reduced-form parameters, discussed in the first appendix. contraction. 11 The Federal Funds rate rises initially and the money supply falls.
The rise in the interest rate is reversed within a year due to the contractionary and deflationary pressure caused by the monetary tightening, while the fall in the money supply is persistent. The price level begins falling after 2-3 quarters and the decline is persistent, but the estimate is associated with considerable uncertainty. 12 Output falls soon after the monetary policy shock, and the decline is reversed after about two years consistent with "long-run neutrality". One striking feature of figure 2 is that a U.S. monetary tightening is inflationary in emerging markets (except that in Chile prices fall initially and only then seem to drift upwards). The largest increase in consumer prices, of about 2 percent in reaction to a 11 That economists assess VAR models partly based on more or less informal "reasonableness priors" is well understood. See Leeper, Sims and Zha (1996) for a discussion, for example, and Uhlig (2001) for a step toward formalizing "reasonableness priors". 12 The small initial increase in prices, though statistically insignificant, could be labeled a "price puzzle" by some readers. But one can interpret the "reasonableness prior" in this case as excluding a positive reaction over the medium-and long-term, while being agnostic about the initial response (or at least assigning a small prior penalty to a slightly positive initial response). 13 Wider error bands seem the distinguishing feature of this paper, probably due to shorter sample size than is common in research with the U.S. data. The results match those Kim (1999) find for developed economies. They estimate that a U.S. monetary contraction tends to cause a short-lived exchange rate depreciation followed by persistent appreciation Kim and Roubini also investigate the impact of a U.S. monetary contraction on output in the other G-7 countries. They find that it is mixed, as two effects offset each other: (1) An exchange rate depreciation is expansionary via the trade channel. (2) A rise in the Federal Funds rate (and, in response, a domestic interest rate increase) decrease interest-sensitive spending worldwide, and a subsequent fall in U.S. output decreases the demand for exports of other countries. Figure 3 shows the estimated impulse responses of output in emerging markets to a U.S. monetary policy shock.
They are sometimes not sharply estimated, but when they are they show an output contraction (Korea, Singapore, Mexico) in a greater number of cases than an output expansion (Chile). Philippines shows an increase in output on impact followed by a persistent drift down -an increase discontinuous at zero and quickly reversed is One is tempted to interpret the absence of an exchange rate depreciation or overshooting in some cases as evidence against a theory predicting such a path after a foreign monetary tightening. But the theory assumes that "other things are equal", whereas domestic interest rates are likely to change in the real world. Indeed, figure 3 shows that interest rates tend to increase in emerging markets after a U.S. monetary policy tightening (Hong Kong and Chile, again, are the exceptions). This pattern can reflect a combination of domestic policy response and private sector equilibrium behavior. However, economists do have a theory that may be expected to hold even domestic interest rates react -the uncovered interest parity (UIP). Define the ex post deviation from the UIP as ψ t+1 = r t −r * t −(e t+1 − e t ), where e is the log exchange rate, r is the domestic interest rate and r * is the dollar interest rate. If the UIP holds and expectations are rational, the conditional expectation of ψ should be zero, i.e. Funds rate reacts strongly (about 50 percent of its variance is attributable to this shock at the horizon of two years). The shock looks like a "supply shock", as it causes a decrease in U.S. output in the long run. Output in Korea, which decreases after an exogenous Fed tightening (recall figure 3) , increases after this private sector shock (figure 5) despite the fact that the shock is associated with a much larger increase in the Federal Funds rate than a monetary disturbance. The example is not a surprise, because one can expect an emerging market like Korea to benefit from an increase in prices of commodities. But it illustrates the fact that observing an increase in the Federal Funds rate is insufficient for predicting subsequent macroeconomic developments -it is crucial whether that increase reflects a policy shock or a reaction to developments elsewhere in the economy.
3.5. Contribution of external shocks to fluctuations in emerging markets. International spillover effects on exchange rates, prices and output increase with the length of the horizon. After 4 years, the portion of the variance attributable to external shocks reaches 50-85% for exchange rates, 35-75% for output and 55-85%
for prices. As far as the variation in interest rates is concerned, the contribution of external shocks is higher in a few countries over the medium term than in the long run. The maximum contribution lies between 25 and 50 percent in all countries.
Singapore and Hong Kong -the richest and probably the most open in the sample -rank consistently among the countries most dependent on international shocks.
Both countries stand out from the rest especially in the case of fluctuations in output.
Mexico also ranks among the most internationally dependent countries (outpacing Chile), which is not a surprise given Mexico's proximity to the United States. What does seem surprising is that interest rates in financially developed Singapore and Hong Kong are as much subject to cross-border spillovers as in the less financially developed Philippines.
Since table 1 reports only medians (for expositional clarity), it is useful to provide information about uncertainty associated with the estimates. An example of Korea is sufficient, since the extent of uncertainty is similar across countries. 68% probability intervals for the fraction of the variance attributable to external shocks (at the horizon of 4 years) are: 41-82% for the exchange rate, 21-55% for the interest rate, 23-58%
for output and 41-83% for the price level. Table 1 where only a modest portion of the variance in output and prices is attributable to shifts in monetary policy. Indeed, from this perspective one can formulate this paper's conclusion differently: The contribution of shifts in U.S. monetary policy to the variation in emerging markets seems no smaller than in the United States, and 14 An earlier draft of this paper displayed reduced-form estimates that included the price of oil, P * oil. Prices of non-oil commodities emerged as more important for fluctuations in emerging markets than the price of oil. The effects of P * oil were strongest in nations that are exporters of oil (Malaysia and Mexico), but even there they were no more important than the effects of P * comm.
larger in some cases (e.g. prices in Malaysia, output in Singapore). In this sense the paper does find evidence of significant spillover effects of monetary policy. 15 
Conclusions
A sizable fraction of fluctuations in emerging markets is attributable to external shocks: 50-85% for exchange rates, 55-85% for consumer prices, 35-75% for output and 25-50% for short-term interest rates. One can dichotomize external factors into "U.S. monetary policy" and "everything else" or "private sector" shocks. This further decomposition reveals that only a modest portion of the variation in emerging markets is attributable to shifts in U.S. monetary policy (less than 10% in most cases). On the other hand, the contribution of shifts in U.S. monetary policy to the variation in emerging markets seems no smaller than in the United States, and larger in some (policy rules), theoretically and empirically, emerges as an important topic for future 15 The fit of the models is assessed by examining estimated VAR residuals. There is some evidence of non-Gaussian behavior of emerging market variables, with one-two outliers of about five standard deviations for each country. Therefore the fit seems comparable to that of VAR models applied to time series data from the U.S. and other developed countries (Maćkowiak (2002) Appendix A. The prior
In Bayesian inference it is natural to think of scientific reporting as characterizing the shape of the likelihood function (i.e. using a "flat" prior), so that readers can employ their own priors to form posterior distributions for parameters of interest.
However, in models where the number of parameters is large relative to sample size (and especially in models of non-stationary or near-non-stationary data), it is common for the likelihood function to be ill-behaved: it attributes much of the sample variation to deterministic components, implying accurate in-sample forecasts from initial conditions that no one would find reasonable out-of-sample. This problem is not new (Sims (1996 (Sims ( , 1998a ) and is commonly addressed using a "reference" prior described by Sims and Zha (1997) . This prior is meant to represent beliefs that all readers are likely to share: "no-change-forecasts" are more reasonable than ones relying on low frequency deterministic components; large coefficients on distant lags are unappealing. One can think of the prior as a much less restrictive version of the classical strategy to work with differenced data or impose a lag structure. The prior is by now so common that an additional argument for using it is that it makes it easier to compare results across papers. 
where t * m,s is an artificial date for a dummy observation, and σ m is set equal to the sample standard deviation of p initial conditions for each m'th variable. All estimates assume, like Sims and Zha (1997) , π = 0.2 and e π = 1. The prior has two main effects on this paper's results: the estimates attribute much less explanatory power to initial conditions than with a "flat" prior; 17 and impulse responses are smoothed. This paper's results for the foreign block match Kim's (1999) , who uses a "flat" prior, 16 The procedure for making posterior draws remains valid if there is a prior implemented with dummy observations. See Leeper, Sims and Zha (1996) , Sims (2000 Sims ( , 2002 and Sims and Zha (1997) for further discussion of the prior. 17 As an example (available upon request), "flat" prior estimates imply that an econometrician was able to predict, at the beginning of the sample in the mid-1980s, the fall Panels show impulse responses over 48 months, in percent and with 68% probability bands, to a one-standard-deviation innovation in P*comm. Responses of P*comm itself, the Federal Funds rate, and U.S. output in the first row. Response of output in Korea in the second row. 
Horizon (months)
Note: Medians reported in each case. See text for a discussion of probability intervals.
